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(54) ROLLER BEARING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a roller bearing 

with a long service life by clarifying a numerical value of ^ .. ^^rrrr 

a crowing shape of a specific circular arc combination ^^^^m^^^M^p^^m} 
and a numerical value of a partial crowing shape. ~ r ° 4 

SOLUTION: Sum 5 of a crowing amount on the rolling 
body side and a crowing amount on the inner ring track 
surface in a roller bearing satisfies an equation I and an 
equation II at two points X in the generating line 
direction of a roller 1 from the rolling body or the center 
of a track ring. At X=0.425 Le the equation I is used and 
at X=0.5 Le the equation II is used, where Le is an 
effective contact length in the generating line direction, 
E' is an equivalent elasticity, R is an equivalent radius, C 
is active rated load, Z is number of rolling bodies, a is a 
contact angle between the track ring and the rolling 
bodies. 



*6* 



f:«s;..„ v# JIT3^3v 

••>••> (> :« H --L 'il* — ^ 



<19>B*WWOT <JP> 02) & ffl jH= & $S (A) <ll)ftft(tM&H#* 

#g?§2001 -65574 
(P2001-65574A) 



(43)&HB ¥J«13*P 3 165(2001.3.16) 



(51) IntCl. 7 




F I 7-73-r(##) 


F16C 33/34 




F 1 6 C 33/34 3 J 1 0 1 


19/22 




19/22 


33/36 




33/36 


33/58 




33/58 






m*m<o&i ol (^hh) 


<21)fflU#^ 


®mm\ -246425 


(71) tH® A 000004204 








(22)tiJKB 


¥/£ll^8E31B(1999.8.31) 














#^M!itjSiRifc«9?BWSIJ-TB 5*50* 


















ws;iim»«*sfa#w-TB 5#5o# 












(74)ftStA 100066980 












F^-A(##) 3J101 AA13 AA16 AA24 AA25 BA06 






BA53 BA55 FA31 FA60 


(54) i&wozm 







(57) [£»] 

5 0-12 SftfT*. 




^§12001-065574 



lfigicfci>r, fsfia^o) ^ 5 ^ - > ^fi <t rttlttilffli HSU 

x=0.425L 8 <Ci:3 



rr-LeE'Zcosa 

4.896C 



TT-LoE'-Zcosa 



3.264C f / iTc \ 

-In 0.2775+1. 583 X — : )£* 

^ ;r-E'-L B 3 -2'COsa / 

lnfo.2775+1. 939x1 J 



x=O.5L e 0h£ 



3.264C 



7r-L e -E'-Z*cosa 



ln ( 2 - ,9Zx /^T 

ln^2.6B4x^ 



£<5 



RC 



/r>L e -E'-Z-cosa 



cos a) 



fflU 

= (1-1/1 2 ) /El + (1-V22) /E2 

ei . E2 : en*, rt«a>-v>y* 

1/1 . 1/2 :£IM*. rtli(D#7^V>tt; 
R : «fMMi 

R= r i • r2 / (rl + r2 ) 



30 



r 1 
r 2 
C 

z 
a 



[000 1] 
[0002] 



[0003] co>^7 r >=>y-t©*i«)tt^lai©a«'C 
fey. «HitliStBB¥5-89943*^«irE«**i4 

JliiBrlllWIk^T^-vy^M-eft* (P.M. Johns fc 
R. Gohar (DUX "Roller bearings under radial and e 
ccentric loads" TRIB0L06Y International, vol.14. 1 
981 *. 131 -136 H) o 

[0004] 

[»2] 



(i) 



[0005] ffiU 
Jg*>&<7)f0 



50 



El . E2 :ttM=«H* <C*£rtti) 

izi.i/2 :t£fii-«3fc (C6£l*itS) fl>#7W>tt 

b : ^;U^}itttiO)1/2 



4#^2001 -065574 



[0 0.0 6] i^psic. zottmtv^-xfzzbizm 
tzk\*mt&v&*>)* «*.tfMB¥3-i 201 5^ 

[00073 

fij(D*»ttitt** La iz»u &$W<&+*$lJ#-e&M 

y x ? s?n- k«4A<»* L < fti*<Di*3«L »K2 y 
^- ^r&xiz&y t y' 2 ? a *< is* fc ft y * 

MlOXiMM * A^fi-T 6 «fc 3 ft t JSftft® JSB 

£ft£o 

[00083 isriei *£<&»»* ^=>*^i*. tttt* 
■w*afi-r«ctT?^^^->y»ttA<»s**i*, 20 

x=0.425l e ©fc£ 



i?n-K#*C.- tt»aa>JBH±ft*-fct»*4. tto 

[00093 mcwtkPia. *g&a>n3a0>*§£ 
5ttsa>ft»*ftic«#*r «ft*»ft*tti*?B*i=ft o 

Tl*fti\, *»WI4l«BIIHBIH6«Stt'<<H»*Hfc 

r«»«ftc%i»»*»tt^*cfctBtti:"r*ta)T 

[00 10] 

Z*>O91&5ft0)2&xT*. WT<D (2-1) (2 

-2) a*aa+4ci:t»«fr*ta)-cfc*. 

[00 1 1 ] 
[S3] 



3.264C / / iTc \ 
" In 0.2775+ 1.583 x/ — ; £ff 

n 0.2775+ 1.939 x/ — ; • ■ ■ (2- 

\ y TcE'liZ-casa/ 



4.698C 
1 



1) 



3.264C 



7T Le E' Z cosa 



ln(2.192x/— 7751 U« 



4.896C / I RX \ 

—~ 1n 2.684x/ ■ ■ -(2-2) 

jr-l a 'E'-Z-cosa \ j n'V'lj-Z co&a 



[00 12J fflU 

E' :^ffi$$tl$ rl 

2/E' = (1-1/1 2 ) /El + (1-1/22) y E2 rl 

El . E2 : rtH©V>y* C 

i/i . vi i nam* «io?i«7vv>tt so z 



R : 9«¥fi 

R= rl • r2 / (rl + r2 ) 



^^2001-065574 



[0 0 13] m fflB*fofr&0)ffi»x*O. 42 5 
Le &tfO. 5Le fcttfc LfcSStt&TCDiiy T?fc 

a^aai^Jsi*?. c*(DSII±(D2£<d?i*>S£&£ 

6. C*(DS&±T**'fcfrb(DffigtxJb< 
0. 4 2 5 Le tO. 5 Le <Dft©-C&$?fttt&2 ^ <? 

<D 2 j&l::*- httBSft 1 ** t »«fl«KiS-3 < w fcli 

B£bfrT'&& 0 

[0 0 14] t&ttB<Daftk4>&SI^ SttfiBS 
<D«tt*fl©*»«««*©0. 5-0. 9ft(DH2CD 20 
lt««*»Ct. *0>Ka«l::* lK*»»«ft4©5 0 

[00 15] 

mWOntfoOBm JUT* *«W0)S8«l<D»IBI=oi^ 

»o>«istis»«**-rta)-cfcy* (mm*) 1 

tt<Di*i&fflii. H2(c*^St»-ew^Lrc^«. Jlftftic 

i*-o©*go)na<Difi6i*-A x &fty. a»a5+*»© 30 

RSHO^SRl 1*4 9 0 0mm, itoKAUlZtHHtt * 
R3H(D3M&R2li7 7 OmmttU, B#0>a 18*1** 
ca®4^a***«»ttftEBLl *tt*lfil<D* 
Le ©0. 8 5»©«*lCft6tt«. 8P%^ 

Le (DO. 4 2 5f&0)«*-C**ttBI=ftori^. B 

«ap*»e»«ttca>o. 4ffrc?ttttLfc*a>£ai* 

H8t?. ttft«SP*MS««Sca)0. efttrl+gL 

fct©*«ia-e*LrL^. *stfi^fi8(DC5«iaa)^ 40 

B^ttttftEBLl A<, tta«ffl<D«ftftttft$l-e 
(DO. 8 5«©ft*l=4«ttH* BP^C5(D**0S^b 
<Dffi«xA<att»«*filCD*a«*k**Le <D0. 4 2 
5.«a>fi*-C**ttB. St/-5(D4"Da^b(Dffig|x 
A<flHB««*|fiJ0*»»««SLe <D0. 5fS(D§^r- 

<D**A<, |tlKI6§:^ffiP = 0. 4C0^7^-> 

?WELTl*4i6l=fc*. 50 



[00 16] «HBl*T?tt, $7*->tftt0tt. $&a 
• 1MXlc,J:Stta*&tt**fttt«Bw£fr&# 

rtbtiSo o*y. *t**l-*aatffc«ui. 
= l*a«»fiwa>Bft£ ft*. 

»$ttttaffi®p-ea»**i4(Di?. cartas 

>^t?(d*^->?s£<5 (p) £**o 

i*. as«BPi*«r2©«k5iw»3e»«aca>tt:-caf 

lid (0. 1 C) (D^dl^S? • 
[0 0 17] MKUIP)IBu%lSNJ30 

sEicutNT. «a*«pta^i=»bs*fc^#©a 
a#A*JtajLr^fc 0 S3icii s aa^ap^ittstt 

MP(00. 1*, 0. 4 ft, 0. 6ft, 1. Oft(Dft 
mt^^-Xfd (0. lO.fi (0. 4C) . <5 

(0. 6C) . 8 (1. oo taa#*itt<DB«* 

^fo ftfc\ f^HI-fcl^T. Lcal(P) li$fia^SP^7C^ 
*BlcA*lfc»»»***L. LISO = (C/P) 10 ' 3 

i* i so««i=sa&iKfcttK#fts*-f, aa 

rta>a»#«a»*0)tHH=tt* T. A. Harris© "Roll in 
g Bearing Analysis" (3rd edition, John Wiley & So 
ns, 1991*) 05193 -201 aa»d©»lH=tt* 
|p)S£G>708 -712 M&tfH. Reusner (DfiX "The loga 
rithmic roller profile-the key to superior perfor 
mance of cylindrical and taper roller bearings" 
(Ball Bearing Journal 230. 1989*. 2 ~10K) 

^i^^^^SS (o. ic) 0^*li8«ltli 

fc. aa«aA<**L^7^->yafi d. oo © 
(t#ii, »«ttT?i*«rE$ (o. 10 iztt«L-c»* 

[001 a] ;*l^ ttKffla>«ai-»Lr, fi»ft#A 

[00 19] 
[»4] 

F=^S^{Lcl(P)/Liso}dP ■ • (3) 

[0020] a+^Fttspj*}**^**. flsaroo. 5 
ci*. -aicfflt^*i*aa«mKHA««fep=o. 0 

5C~0. SSCHg-Cfcy, 0. 55C*)>bO. 05 
CSJtCtO. 5C*«»KLfc. BD*>, Cfl)W«B» 
I*, lfta^aS5fflP = 0. 05C-0. SSClZftlf* 
ffilBBl3ir^-rj:5ft»dltLcai<P) /Liso (D¥^ 
$irffl$#*T®S<bLfct(D-e&6 0 «t5-ttr 

5 7.T 7 -f ^ > h A<& t ft t^«* t ICO 1>T * It 

x 1 o-3^>r>T?fey. t4g>-^o*^D^a: 



ttM2001 -065574 



i§£icii£rSJ±p/c = o. 3-0. 

U =X77-f >>h*«**»ftl^l*«*ttP/C = 

B8#a)5F*Sttlc»S-i"4t«»ttP/C 
= 0. 4-0. 6(DttBT¥i$»ftjb<ftl*o *fc, 

[0021] n«a>ramk£ffl^t« Hs«$Kib$ 

7\Z^Ltz 0 E)5I*N J 2O8E05X77^>>hi)^ 
fcl**§££fe&«££<D¥J$ffi. 06IJNJ23O8E 

0 7!*N J 2 208Efl)5X77>f>> h*<fcl*»££ 
kOy-&fa£fKLTl*ha C;ft£>(7)i§£t. fir 
SltP/c = o. 4-0. 6<DS5E^¥i$fltfp#:l<fc 

fcl^T. $AS^SP = 0. 4C-0. 6C<DKBa>9 7 



(0. 4C) % 6 (0. 6C) montS 
[0 0 2 2] «FEH10)J:3U. 
*4«¥B-a>n»ottttjaiBa)ElltLi *o. as 

Le . O*y«tE*ibttA^a)E«x35<0. 42 5 Le 

IMillB-ClMHWF ■flfliSftfiPm-* 

10 ffigN J 3 0 8 ElZOHTa>A8*rfiSll*£ 1 \~7*ta ft 
11 a |ztt5*7?**>h*La>£Sa>¥«**F 

*»<DR!1<D4MSR1 1*4 9 0 OmmXIiS 6 0 0m 

rru *a>*H!k s*»iB««a>naa)#eR2 1*700 

mmXI*7 7 OmmTf&y, «MBB 1 I* ^ <& 3 R 1 
= 4 90 Omm. R2 = 7 7 0 mmOflMl* Lfct 
20 (DlZtZ&o 

[0 02 3] 

[11] 



( 6 ) t#§H2001 -065574 



(a) 5^7-5-<^>hjBL 



\^ R2 
HI 


490M 


560 


630 


700 


770 


840 


910 


980 


3500[oid] 


3.27 


3.40 


3.49 


3.56 


3.60 


3.61 


3.58 


3.54 


4200 


3.40 


3.54 


3.66 


3.74 


3.78 


3.78 


3.75 


3.70 


4900 


3.47 


3.64 


3.77 


3.86 


3.90 


3.B9 


3.86 


3. 81 


5600 


3.50 


3.69 


3.83 


3.92 


3.97 


3.96 


3.93 


3.88 


6300 


3.52 


3.72 


3.87 


3.97 


4.01 


4.02 


3.99 


3.94 


7000 


3.51 


3.72 


3.89 


4.00 


4.04 


4.05 


4.02 


3.97 


7700 


3.49 


3.72 


3.90 


4.02 


4,07 


4.07 


4.04 


3.99 


8400 


3.47 


3.72 


3.90 


4.02 


4.08 


4.08 


4.05 


4.01 



(b) ^777^/>hft 1,2xlO-3red: 



\^ R2 


490M 


560 


630 


700 


770 


840 


910 


980 


3 500 [ran] 


2.58 


2.72 


2.78 


2.79 


2.74 


2.65 


2.55 


2.45 


4200 


2.52 


2.67 


2.74 


2.74 


2.69 


2.61 


2.51 


2.40 


4900 


2.43 


2.59 


2.67 


2.67 


2.62 


2.53 


2.43 


2.32 


5600 


2.35 


2.52 


2.60 


2.60 


2.55 


2.46 


2.36 


2.25 


6300 


2.28 


2.46 


2.54 


2.53 


2.48 


2.39 


2.28 


2.18 


7000 


2.23 


2.40 


2.48 


2.47 


2.42 


2.32 


2.22 


2.11 


7700 


2.18 


2.36 


2.44 


2.42 


2.36 


2.27 


2.17 


2.06 


8400 


2.14 


2.32 


2.40 


2.38 


2.32 


2.22 


2.12 


2.01 



■(c) TO* 



\^ R2 
R1 


490[nn] 


560 


630 


700 


770 


840 


910 


980 


3500 [ram] 


2.93 


3.06 


3.14 


3.17 


3.17 


3.13 


3.07 


3.00 


4200 


2.96 


3.10 


3.20 


3.24 


3.24 


3.20 


3.13 


3.05* 


4900 


2.95 


3.12 


3.22 


3.26 


3.26 


3.21 


3.14 


3.07 


5600 


2.92 


3.10 


3.22 


3.26 


3.26 


3.21 


3.14 


3.06 


6300 


2.90 


3.09 


3.21 


3.25 


3.24 


3.21 


3.14 


3.06 


7000 


2.87 


3.06 


3.19 


3.24 


3.23 


3.19 


3.12 


3.04 


7700 


2.83 


3.04 


3.17 


3.22 


3.22 


3.17 


3.11 


3.02 


8400 


2.81 


3.02 


3.15 


3.20 


3.20 


3.15 


3.09 


3.01 



[0 0 2 4] Zft*(DPlW<??^-><?tf&ft t ±&$i& 
*£*Lfc*MtW*l=* BBC*a4*M*&fl>EBx 
tfBM«l«M«ttlMttiLi 0)0. 4 2 5^1 
*T?**tt«; &tfZ50)4"bia^b(DlElllx*«a»* 
fg«ffla*ttttttft£Le 0)0. 5fi<DS$'Cfe«{ftB 

«LTl**fcl*9JS#fc*. 0*y. Ri =4900 
mm. 5600mm. R2 =700 mm. 7 7 0 mmlU 

?P = 0. 4C<tP = 0. 6C£0>Ml::#&LTlitt 

©rskd^bri . ft«»ffiM»a>nsia>¥BR2 #m 

SIP (««»fiwlzSE»LTttA) *«Bi*lc«A 

t&t. fiffB (2-1) (2-2) xC£*#£o tto 



[0 0 2 5] *&B$<Dzb$&%<Dm2mm'*mi~ 

£Ls 0BB^X hi/— hftntlB (BIBffl) tfcoT 

*sy. t*i*yn«* o*y««aa>KMiffli=Bre*B 

40 Ri (DRffl*^-:/* MBS) *BLfc/<— >*JI> 

i ^Wfo&o ttfe, s4>a)^SR2 I*. mBB 

•BidMI»fc6iItt-r*fci6©RBWCfty. 
[0 0 2 6] !9E3ao)BfflB»Sffll^ WES 

a«aft*Ls &i;aBB<onB^&Ri *a*i=*a. 

fc&*§£ ($X77>f>>hft1. 2x10-3ra 



r. ^^-V^fl^P^W^Sfcl** rO0)R5fll<7) 50 d) , B*<DTOfil£#*>. & 2 a ~ c iZ^-f o 



ft IS2001 -065574 



LS =0. 8Le . ftSWRSl^gRl =75Le 

ti^irii, essp^^ls =o. 6Le % attflsna^ 

8Ri =7 5Le -e§|ftftfi£fc£o Ztllt* 5*7^ 
(a) 



[0 0 2 7] 
[*2] 





Ri/L. 


50 


75 


100 


125 


150 


175 


200 


L B /L« 


0.5 


1.61 


2.34 


2.73 


2.78 


2.73 


2.66 


2.61 


0.6 


2.06 


2.81 


3.05 


3.00 


2.91 


2.83 


2.72 


0.7 


2.54 


3.24 


3.28 


3.15 


3.03 


2.89 


2.77 


0.6 


3.10 


3.48 


3.35 


3.16 


2.97 


2.80 


2.64 


0.9 


3.40 


3.25 


2.97 


2.72 


2.49 


2.29 


2.11 





Ri/L. 


50 


75 


100 


125 


150 


175 


200 


L s/Le 


0.5 


1.46 


2.00 


1.95 


1.71 


1.45 


1.22 


1.00 


0.6 


1.72 


2.14 


1.92 


1.60 


1.31 


1.05 


0.83 


0.7 


1.95 


2.07 


1.70 


1.33 


1.02 


0.77 


0.58 


0.8 


2.03 


1.69 


1.23 


0.86 


0.60 


0.42 


0.31 


0.9 


1.37 


0.83 


0.49 


0.30 


0.20 


0.15 


0.11 



( c ) 





Rl/Le 


50 


75 


100 


125 


150 


175 


200 


L«/L« 


0.5 


1.53 


2.17 


2.34 


2.25 


2.09 


1.94 


1.80 


0.6 


1.89 


2.47 


2.48 


2.30 


2.11 


1.94 


1.77 


0.7 


2.25 


2.66 


2.49 


2.24 


2.03 


1.83 


1.67 


0.8 


2.57 


2.59 


2.29 


2.01 


1.79 


1.61 


1.47 


0.9 


2.39 


2.04 


1.73 


1.51 


1.35 


1.22 


1.11 



[0028] L^LfctftK «r»i:0«* $&&ffimtm 

X*»=«D*< U #ftBHSiJlc»y»ltLfc<D3&<0 9 
"Cft*. HHJ:y« tt«»**ltLS /Le =0. 5- 
0. 9<B$50KfcOT. ffi$£$0R3!¥gltRl /Le = 
5 0- 1 2 5<D«£l::«to*ftA<ftl\» SI=»*L< 

I*. E^gP^^ttLS /Le =0. 6-0. 8<D&mV 
E.o&|£9R3a4i£itRi /Le =75~10O(Dii 

vit. an«ft$Ls . ««»r?bi¥sri t><i?<DX5 
x7^*>hA<tti*»*-et. **»*-c***iay 

[0 0 2 9] IMEH9a)C5lifil=*5t^T. 
$0&$LS =0. 7Le , ffifgSiSRSIII^&Rl =7 5L 
e (DZhto&t. IIIgSii££L$ =0. 9Le % ftfUgU 
Rffl^SRi = 1 4 0 Le <DZb®8:£Vs 

"To ■■«fcy«&*ft*5l^ ^(o^im^mvit 



30 lc-(gT-r^o CftlrttLT. Sr#fl>lifttt. taa^MP 

= o . 55 c *-e(DtBffl-ei*na«»<D»tiz y ffi£fi 

So AP*k ttfifffiSLS =0. 5-0. 9Le , 
a»flR3L^&ttRl =5O-125Le(0ftfr$aa 

[0 0 3 0] Affile, IftgOOi^itg^^MLr. ME 
B9i:S»l^ tftSftdSffaLfc. 01 1I*NJ22 
0 8 E(D5X77^>> hA<fcl*»£±*S»£±:a>» 
40 B1 2ttN J2308EO)iX77^/>h 

A<6U*i§££ 01 3ISNJ3 

0 5 E0)iZ77^>> hA<fcl***£fc**£fcfl>* 
ffr¥$fit. 01 4(iNJ2 1 8 E©5X77-f 

SSfiUS^LS =0. 5-0. 9Le. 
«ffln»*8ttRl =50-1 2 5 Le <D&#£8SS1" 

[003 1] fclc. MEfitt«i:Rffli»i:*ffl9ia)*S 

so fco cc-ei*. Hc<M«8ifin«c%iiaNj3 



ftS§2001 -065574 



0 8EICfcl^T, lfiSflIft£LS =0. 7Le , 
RSIl^gRl =7 5Le -$£U }£8&R$ilI¥gR2 <D 

(5^77-f>>hft1. 2x10-3 r a 

d) ®t*a»dF« ai;a#(D¥»tt*#«>. i+sgn 

gR2 *<**<ft«iro*ir. ft oTl^ 

2 S*$<+4fcffiEtf'J**<fc4fcA-efc*o 
[0 0 3 2] L*LW6, OTE*«naH»tt. 

S««S«c«31-r6ctttfflM-Cfey. &lcf£g!R3iIi¥ 
gR2 Sfc*y*#<**fc. MotcioMtS 
T*1*««Hi:fc*. *^T?, «ttR8l¥«R2 =0. 

2-0. 4ri sst-rs^ffSLL^ a*>\ kte* 

e*ffia)5K*I^KLT*J:l^ 20 
COO 3 3] 

**wa)z%naa)«ist*»»*^c*a) 

®B§0-C?fc6o 

[02] 0l(7>C5O^^^->y^a^r-<;i/COl$$ffl 
£*<ri&E0-cfc£o 30 

[03] ttamaibSR^/ct^rottaffiattta** 



t04] ttft«aitttt**«ta)B!i«**-rittWB-e 

<£>£><> 

[05] tt»»ajtt«ia»«fc<Dia«*^-rKW0"c 

[06] IftafifaitirttaSdfcoOBBRS^t'ttMB-e 

[07] «a«aitt«ia»*i:a)Bi«s*-rBiWH-c 

[08] *^HJ(7)Z5$fiaom2^M^£^'r- ; 5^ 
©B§0Tfc£ o 

[09] 08O)C£lcfcLNTEi£^&£tt£te&Sin§I& 

*attfciceufctta»«©iMBH-c**. 

[01 0] 08<DC5lrfcu>TIia§^£<tE*gS0R$Dl 

*et**iLfct#©i*a«atti:i*a*ftt<DBff* 

[011] ii««ftSJti*i»»nai*«itfci=«i:fc 
«a**a>iJW!BT?fts. 

[01 2] ESfflfi$ifctftfil«IJR3!l*Slttlci£:i:fc 
»a»*©»MH-efc* 0 

[01 3] tt«»fi*tttfttt«Rffl*att^^ei:fc 
«ia#da)iftWH-cfc4. 

[01 4] tt«aj«sittfttt»Raii*aittiziiBi:fc 
i*a»«a)»WE-efc«. 

[015] «ttR5ffl*ss«Afcfc#a)«ia»«a>KW 

[016] c%(D«ftli*tta)ttMH-efc*. 

[01 7] ^7^->yottWHtffc*. 

[018] ^5->->y»*^**tt*ktt*a>»WH'e" 

[maun 

1 lie 5 



[si] 



[04] 



( 9 ) 



#182001 -065574 



l®2] 



(11 6] 



• tf(0.4C) 

• 6 (CM) 

•R1 =4300, R2= 770 




0.05 0.1 



0.15 0.2 0.2S 0.3 0.35 
C3**>fr 6fiDttt«/C S*T«)*i* 



0.4 0.45 
0.425 



0.6 



[S3] 





















o:0.1C 
■ :0.4C 
a:0.6C 
O:1.0C 




















JL. 






..*•■.. . 






° 6 o ; * 






■ * O o 

■ - 2 • 






— 

o 


' ■ :* L? >.* » . 




0 

• o o A , 


■■•;** 



0.1 0.2 0.3 0.4 0.5 



0.6 0.7 
P/C 



0.S 0.9 



1.2 



[09] 



11 1] 




02.BO~2.7O 
0 2.50-2.60 
3 2.40-2.60 
□ 2.30-2.40 
02.20-2.30 
■ 2.10-2.20 
DID 2.00-2. 10 




) 2.70-2.80 

□ 2.60-2.70 
m 2.50-2.60 

□ 2.10-2.50 
I 2,30-2.40 

0 2.20-2.30 
| 2.10-2.20 
[I 2.00-2.10 



( 10 ) 



1#H2001 -065574 



[IS 5] 



[@6] 



p 1 — \ 

A I S 

° ; _ i i_ 



o spisjtt 



0.2 



0.4 



0.6 



0.8 



P/C 



a i 



<? DOq ? d 



2 



i DD ? Do J 

I ? B tBnT 



o. 0 ,°„ t 00 °?ooo 

1 A A A ! 

i — r 



4 * _| j. 

i i 



0.2 



0.4 0.6 
P/C 



0.8 




( 11 ) 



8P2001 -065574 




mi 5] 



[®1 7] 







• 


• 


♦ 


• 


• 


• 


• 




—» 




































***** 


























-.«.. 


■ 


■ 


■ 


■ 


s 


.■»■ 


■ 


— -r— 














} 0.05 


0.1 


0.t5 


0.2 


0.2S 


0.3 


0.35 


0.4 


0.45 0. 



R 2 /Rt 



[01 8] 









i 





























t 




V ! 



















































\ \ 




\ j 










1 — 














| 


i 

-e 

j 

! 





1 i 

— — 

.1 1 







J 



